Objective: This study assessed the nutrition-related cancer prevention knowledge and dietary pattern of undergraduate students. Design: A cross-sectional study design was employed. Setting: The University of Ibadan campus, Ibadan, Oyo state, Nigeria. Participants: A systematic random sampling of 367 undergraduate students was done. Method: A pretested self-administered questionnaire assessed the nutrition-related cancer prevention knowledge of the participants based on WCRF/AICR guidelines. A food frequency questionnaire was used to evaluate the dietary pattern. Weight, height, waist and hip circumferences, body mass index and waist:hip ratio were measured and computed based on standard procedures. Results: Less than half (49%) had good nutrition-related knowledge of cancer prevention. About 30.0-40.0% frequently consumed legumes/nuts, vegetables and fruits respectively. About 75.0% frequently consumed processed cereals and grains (white rice, white bread and noodles). Above 20.0% were overweight, while 3.8% were obese. Less than 75.0% had low risk of abdominal obesity while 25.5% had high risk of abdominal obesity. Nutrition knowledge of cancer prevention was associated with the frequency of consumption of processed cereals and grains (χ 2 = 13.724; p= 0.000), legumes/nuts (χ 2 = 17.268; p = 0.000), meat (χ 
Introduction
Cancer is one of the leading causes of morbidity and mortality worldwide; moreover, it is expected to move higher up the projection ladder by 2030. 1 The newest database for the International Agency for Research on Cancer, GLOBOCAN, revealed that new cases of cancer globally increased from 12.7 million in 2008 to 14.1 million in 2012 and cancer deaths increased from 7.6 million to 8.2 million. 2 The number of new cases is expected to rise by about 70% over the next two decades. 3 Globally, the commonly diagnosed cancers were lungs, breast, colorectal, cervical, prostate and liver cancers. 4 In the same report, more than 60% of the world's new cancer cases occur in Africa, Asia, and Central and South America; these regions account for 70% of the global cancer deaths. In Nigeria, 102,100 new cancer cases were recorded in 2012, with 71,600 cancer deaths. Nigeria contributed 8.3% to the estimated 847,000 new cancer cases that occurred in Africa in 2012. 5 The most common cancers in males were prostate and liver cancer while breast and cervical cancer were the commonest cancers in Nigerian women. 5 In a population-based cancer registry in Ibadan, Nigeria about 33,933 cancer cases were reported between 2009 and 2010, of which 66.4% were females and 33.6% were males. The common types of cancers recorded were breast and cervical cancers among females and prostate cancer among males. 6, 7 The burden of cancer is increasing in economically developing countries as a result of population ageing and growth as well as, increasingly, an adoption of cancer-associated lifestyle choices including smoking, physical inactivity, and 'Westernised' diets, which includes consumption of calorie-dense food. 8 Smoking, unhealthy diet, physical inactivity, excess body weight and associated factors are the most important preventable causes of cancers. 9, 10 Diet and nutrition contribute appreciably to the burden of chronic and preventable diseases; specifically, healthy diets, such as high consumption of fruits and vegetables and lower fat intake, are associated with reduced risk for obesity, cardiovascular disease, diabetes, and many cancers. 11, 12 Dietary factors such as obesity and alcohol consumption have been shown to increase the risk of breast cancer and colon cancer. 10 Obesity increases breast cancer risk in women, especially postmenopausal women, by around 50%. 13 Foods associated with decreased cancer risk include fruits, vegetables, and unprocessed whole grains. Foods associated with an increased cancer risk include red and processed meats, salt, alcohol, foods contaminated with mycotoxins such as aflatoxins, and arseniccontaminated water. 12 Previous studies have revealed that university students have unhealthy eating habits, they eat more fast foods that are usually high in fat, sugar, and salt, and there is a high rate of meal skipping, a low frequency of fruit and vegetable consumption and poor physical activity level. [14] [15] [16] Nigerian undergraduates have been observed to adopt unhealthy practices known to be linked with increased cancer risk, such as low fruit and vegetable consumption, high consumption of energy-dense, nutrient poor foods, foods high in sugars, fats and salt, as well as a low level of physical activity. [17] [18] [19] Similar documentation was recently reported among South African students. 20 A substantial proportion of the worldwide burden of cancer could be prevented through the application of existing cancer control and by implementing a programme for tobacco control, a healthier dietary intake, promoting physical activity as well as vaccination, and early detection and treatment. 4 A study identified limited awareness of cancer prevention as one of the factors causing higher cancer rates in Africa. 8 The knowledge and understanding of cancer risk factors and outcome of the disease have been identified to influence an individual's decisions to adopt preventive measures. 20 It has also been suggested that higher awareness and knowledge levels are associated with possible attitudes that will ultimately influence individual behaviour in relation to the disease. 21 Unhealthy dietary habits that develop early in life and persist into adulthood may increase the risk of some cancer types, 22 but additional research is needed to understand better the degree to which childhood dietary patterns relate to subsequent cancer risk later in life. 12 The university and college represent an opportunity for health and nutritional education for a large number of young adults. 23 When university students make positive changes in exercise and dietary habits, and when these changes persist into the adult years, the risk of chronic diseases may be reduced. 15 There is a paucity of published data on nutrition-related cancer prevention knowledge among university students in Nigeria. This study, therefore, aimed at providing baseline data on the nutritionrelated knowledge of cancer prevention amongst undergraduates and investigated the relationship with the dietary pattern as well as the risk of abdominal obesity.
Methodology

Study design
This was a cross sectional descriptive study.
Study setting and population
The study was conducted on the campus of the University of Ibadan, Nigeria, amongst undergraduate students between June and November 2013.
Study technique
A minimum sample size was calculated as follows for crosssectional study with formulae:
where N = Minimum sample size, Z = 1.96 at 5% level of type 1 error, D = desired precision (0.05), P = prevalence = 50% (assumed), Q = 1 − P inclusion criteria: consenting students, undergraduate.
Sampling procedure: The students were visited in the evening at their hostels to seek their consent to participate in the study. There are a total of nine (10) undergraduate hostels on the university campus, three female hostels and six males (respondents were also recruited from the student hostel at the UCH campus). To ensure a total number of 405 respondents (405/10 = 40.5), 41 respondents were recruited from each hostel. Random numbers were computer generated from a sampling frame of 41 with the Excel ® (Microsoft Corp, Redmond, WA, USA) random number generator. Each hostel room number that tallies with the next generated random numbers was approached and recruited provided the student gave consent; one student per room was recruited. If the student(s) did not consent the next room number corresponding to the generated random number was approached until a total of 41 respondents were interviewed in that hostel. With the assistance of male and female research assistants, both male and female accommodation blocks were visited.
In total, 367 undergraduate students from the University of Ibadan were selected by systematic random sampling from the various halls of residence on campus. A semi-structured, self-administered questionnaire was used to collect information on sociodemography, nutrition knowledge concerning cancer prevention, modified food frequency questionnaire (FFQ) and anthropometric measurements. The nutrition knowledge section assessed respondents' nutrition-related knowledge of cancer prevention based on recommended guidelines from the literature. 10 The modified FFQ assessed the dietary pattern. The modified FFQ was a compilation of commonly consumed foods in south-western Nigeria based on the West African Food Composition table. 25 The modified FFQ used contains originally eight food groups: cereals and grains; roots and tubers; legumes/nuts; meat, fish and poultry and products; vegetables; fruits; snacks; and alcohol. Anthropometric measurements were taken according to standardised techniques by two trained research assistants. The research assistants were trained and re-trained by the supervisor of the project, an experienced physician, before and midway into the data collection. Height was measured to the nearest 0.1 cm with a stadiometer. With the Omron® body composition (model BF511) digital scale (Omron Healthcare Inc, Lake Forest, IL, USA), each respondent's weight, body fat, visceral fat and skeletal muscle mass was measured. The weight was measured to the nearest 0.1 kg. Body mass index was calculated from weight (kg)/ height (m 2 ). Waist and hip circumference were also measured to the nearest 0.1 cm using a non-stretching measuring tape. The waist:hip ratio was calculated from waist circumference/hip circumference measurements. The questionnaire was pretested and demonstrated good internal consistency and reliability with a Cronbach's alpha correlation value of 0.908.
Data analysis
The data obtained were coded, entered and analysed using the Statistical Package for the Social Sciences (SPSS®) version 17.0 (SPSS Inc, Chicago, USA). Twenty questions were used to assess the respondent's nutrition-related knowledge of cancer prevention. Categorical responses (correct/incorrect/not sure) were used, whereby a score of '1' was given for a correct response, while '0' was given for incorrect or 'not sure' responses. Nutrition knowledge scores were calculated and reported as mean ± 2 SD. Knowledge scores less than the mean score were classified as poor while scores at the mean and above were classified as good. The frequency of consumption of food groups was categorised as frequent (more than thrice weekly) and infrequent (less than thrice weekly) consumers. Descriptive and inferential analyses were done. Categorical variables were analysed with the χ 2 , continuous variables with the t-test. The level of significance was set at p < 0.05.
Ethical consideration
The study was approved by the University of Ibadan/University College Hospital (UI/UCH) ethical review board.
Results
A total of 367 undergraduate students participated in the study (with a response rate of about 90.6%,); 64.3% were male; the mean age (in years) was 21.9 ± 2.7. The majority (31.6% and 22.9%) were in the second year (200 level) and third year (300 level) of study while 20.7% and 6.3% were in the fourth year (400 level) and fifth year (500 level), respectively. The majority (59.1%) of the respondents belonged to the Yoruba ethnic group (Table 1) .
The mean weight (kg), height (cm), body mass index (kg/m2), and waist circumference (cm) of the male respondents were 60.7 ± 9.3, 167.1 ± 7.4, 21.8 ± 2.9 and 75.5 ± 5.9 respectively. Those of the females were 56.9 ± 9.5, 161.4 ± 7.6, 21.7 ± 3.2 and 74.6 ± 7.6 respectively. The mean waist/hip ratio was 0.83 ± 0.04 and 0.82 ± 0.07 for the males and females respectively. Based on body mass index, 12.5% were underweight, 61.9% were normal, 21.8% were overweight, and 3.8% were obese. Using waist:hip ratio, 74.5% had low risk of abdominal obesity while 25.5% had high risk of abdominal obesity (see Table 2 ).
Overall less than half (49%) of the respondents had good nutrition-related knowledge on cancer prevention while 51% had poor knowledge. In 15 of the 20 knowledge questions, more than 60.0% of the respondents gave correct responses. Above 60.0% agreed that limiting the intake of energy-dense foods protects against cancer; 70.3% agreed that fruits and vegetables should ideally amount to half the plate of an adult. Only 58.3% of the students agreed that reducing alcohol intake is protective against cancer development while 64.6% agreed that avoiding smoking of tobacco or contact with smokers is protective against cancer development. The mean knowledge score was 13.0 ± 3.0 (the minimum score = 4, maximum score = 20). There was significant difference between knowledge of males compared with females, χ 2 = 45.577, df = 19, p = 0.000* ( Table 3 ).
The consumption pattern from food groups indicated that roots/ tubers, processed cereals and grains and meat were frequently consumed, by 77.0, 75.5 and 72.5% of the respondents respectively, while fruits and vegetables were frequently consumed by 42.8% and 36.5% of the respondents respectively. rice, white bread, noodles and spaghetti etc.) (χ 2 = 13.724, p = 0.000), legumes/nut (beans, groundnut, melon) (χ 2 = 17.268, p = 0.000), meat (beef ) (χ 2 = 22.972, p = 0.000), fish (χ 2 = 23.017, p = 0.000), alcohol (χ 2 = 19.534, p = 0.001), sugary drinks (χ 2 = 6.067, p = 0.014) and snacks (χ 2 = 36.159, p = 0.000). There was no significant association between nutrition knowledge on cancer prevention and vegetable and fruit consumption (Table 4) . About 31.0% frequently consumed sugary drinks and legumes/ nuts respectively, while 27.3% consumed alcohol frequently (Figure 1 ). Table 4 reveals the relationship between nutrition knowledge on cancer prevention and the dietary pattern of consumption by the respondents from food groups. Significant associations were found between knowledge of cancer prevention and consumption pattern of processed cereals/grains (polished pattern reported may have contributed to the high risk of abdominal obesity observed.
The majority (70-80%) correctly responded that: maintaining a healthy weight throughout life is protective against cancers, being physically active, avoiding sugary drinks, eating higher fibre diets, vegetables, and fruits, consuming fish compared with red meat, avoiding salty foods and rotten or mouldy food can be protective against cancers. This current finding is in contrast to a Sudanese study, where only 8.8% of the respondents thought that consumption of fruits and vegetables is protective against cancers. 26 Similarly, the current findings agree with the same Sudanese report where more males (46%) compared with females (25.9%) correctly answered that eating higher fibre diets is protective against cancers. About 45.0% of the respondents correctly indicated that limiting sedentary activities, and consuming a variety of starchy roots and tubers and foods of plant origin are least protective against cancers. The average to low level of cancer prevention knowledge reported in the current study is similar to Al-naggar and Chen's report, where low knowledge levels of cancer prevention were reported among university students in Malaysia. 27 Also, from the current study, the significant gender difference in knowledge on cancer prevention is similar to the report by Loo et al. among Malaysian students, where the female students had higher nutrition knowledge than male students suggesting that females were more concerned about their nutrition and health than males. 21 The general knowledge on cancer prevention was low, similar to a report from an older population study in Cairo where a poor level of knowledge and inadequate practices regarding dietary cancer prevention was reported despite good attitudes. 28 In the current study, the most frequently consumed foods are processed cereals and grains (such as white rice, noodles, spaghetti, white bread), roots and tubers, meat and fish, while vegetables, fruits and legumes/nuts were less frequently consumed, in contrast to the public health recommendations and previous study. 10, 12 This is contrary to a previous study among Turkish adolescents who have lower meat eating habits and eat more fruits and vegetables. 29 However, the current finding of low vegetable and fruit intake was similarly reported, in that low nutrition knowledge levels were associated with daily vegetable and fruit consumptions among adolescents. 12 Also, the high consumption pattern of foods low in dietary fibre and red meat may be reflective of why more respondents than expected could not respond correctly that (i) intake of refined starchy foods (rice, noodles, spaghetti) is important to prevent cancers, (ii) eating a variety of starchy roots and tuber foods is important to prevent cancers, (iii) foods of plant origin are least protective against cancers, and (iv) avoiding excessive intake of meat and alcohol can be protective against cancers.
Also, in the current study, significant associations of gender with consumption from certain food groups and increased risk of abdominal obesity were noted. Most of the significant associations were with the dietary pattern of the female respondents who also had a high risk of abdominal obesity. Infrequent consumption of legumes is significantly associated with a high risk of abdominal obesity in the male respondents while infrequent consumption of vegetables and fruits was significantly associated with a high risk of abdominal obesity in the female respondents. Physiologically, females have a higher predisposition to accumulating fat and obesity has been linked to female cancers like those of the breast, The relationship between the dietary consumption pattern of food groups and the waist:hip ratio is shown in Table 5 . Infrequent consumption of legumes was significantly associated with high risk of abdominal obesity in the male respondents (F = 7.001, p = 0.008) while infrequent consumption of fruits and vegetables was significantly associated with high risk of abdominal obesity in the female respondents (F = 6.771, p = 0.009, and χ 2 = 4.205, p = 0.040 respectively).
Discussion
The study investigated the nutrition-related knowledge of cancer prevention among undergraduate students at the University of Ibadan, Nigeria. The rationale for the study is the need to have information on the knowledge of cancer prevention amongst adolescents in Nigeria. Proper nutrition knowledge imparted early in life encourages the practice of a healthy lifestyle that can invariably reduce the risk of nutrition-related cancers later in life. Despite more than 60% of the respondents giving correct responses in 15 of the 20 knowledge questions, overall less than half (49%) the cohort of undergraduate students studied had good nutrition-related knowledge of cancer prevention. The respondents also had poor consumption pattern as regards cancer prevention. The unfavourable consumption cervix, and ovary. 10 Also, a strong and clear relationship has been reported between waist circumference and risk of colon cancers. 30 The incidental finding of high risk of abdominal obesity in the cohort studied calls for urgent intervention and to educate female students in particular about unhealthy eating patterns and the risk of obesity. The smoking of cigarettes was not assessed in this study because none of the respondents claimed to smoke in the pilot survey, a limitation that did not rule out the fact that the students are exposed to other habits like chewing marijuana and cooking legumes with marijuana that this study was not designed to capture. The non-smoking state may not be because respondents were fully aware of the hazardous health implications, and rather may be due to religious reasons. A strength of this study is that it is the first in this environment that reports knowledge of recommended guidelines on cancer prevention. 10 It also provides valuable information for the formulation of relevant cancer prevention strategies and interventions, especially within the scope of nutrition education among adolescents and undergraduate students.
Conclusion
Nutrition-related knowledge of cancer prevention was low and was reflected in the poor dietary pattern of the respondents. The associated high risk of abdominal obesity may be a pointer to the larger young adult population, emphasising a need for targeted intervention. 
